Phylloscopus trochilus, a sub-Saharan migrant commonly breeding in north-western 50
Europe, has more than a million ringing records in the UK, yet only three [sic] birds 51 ringed on breeding sites have been recovered on wintering grounds in central west Africa 52 (Wernham et al. 2002) . Knowledge of the wintering grounds of migrant passerines is, 53 therefore, limited, particularly for birds wintering in inaccessible or remote habitats such 54 as tropical rainforest. Informed conservation and management interventions for smaller 55 species such as passerines (Goodenough et al. 2009 ) endorse the development of 56 innovative empirical approaches (Bairlein 2003 , Hobson 2008 . 57
A proportion of migratory passerine birds are seen carrying pollen encrustations 58 around the bill and forehead (Ash 1959 , Laursen et al. 1997 , Cecere et al. 2011a ) 59 presumably resulting from the exploitation of flowering plants as a fuel source on 60 migration (Cecere et al. 2011b ). Morphological differences between pollen from different 61 plant taxa mean may therefore provide information on the plants the birds have used for 62 foraging. The most comprehensive studies of pollen on migrant birds have focussed on a 63 migration stopover site, the Italian island of Ventotene (Cecere et al. 2010 , Cecere et al. 64 2011a , Cecere et al. 2011b . Behavioural observations showed that warblers foraged for 65 nectar on locally available flowers, confirmed by palynology (the analysis of pollen) 66 which also showed that stopover migrants carried pollen from plants not in flower on 67
Ventotene Island, such as Citrus pollen, from foraging activity before arrival (Cecere et 68 al. 2011a) . A pollen encrustation, therefore, has the potential to act as a log of the 69 previous behaviour of its bird 'vector'. Where a suitably diverse, or distinctive, pollen 70 assemblage is identified, it may also be possible to use plant distribution maps to provide 71 information on potential migratory routes, analogous to the use of pollen to provide 72 information in forensic applications and reconstructing vegetation patterns in climate 73 studies (Prentice and Webb 1998, Mildenhall et al. 2006) . Thus, palynology has the 74 potential to provide both ecological information on migrant bird foraging and 75 geographical information on wintering grounds, migration routes and stop-over, albeit 76 within the potentially broad geographical areas defined by the temporal and spatial 77 distributions of pollen-bearing plants. 
Statistical analysis 135
The presence or absence of each of the five most common pollen taxa on individual 136 warblers was analysed in relation to the following predictors: (i) the 'host' bird species, 137
(ii) sampling date, (iii) year, and their interactions. A global binary Generalized Linear 138
Model was simplified using the information theoretic approach by the backward-stepwise 139 elimination of non-significant predictors, beginning with higher order interactions at each 140 step (i.e. beginning with species:date:year in this case). If the removal of a predictor 141 resulted in a non-significant change in model deviance (i.e. δAIC < 2), the predictor was 142 species. In summary, these orthogonal contrasts relate to the same final models (in which 163 bird 'species' is retained as a factor), and simply vary the structure of the levels (i.e. 164 contrasts) relating to that factor. 165
To establish whether pollen diversity might be useful to classify birds according 166 to species, genus or migratory strategy, Discriminant Function Analysis (DFA) was 167 undertaken using SPSS version 16.1, on the basis that a high level of classification 168 accuracy was good evidence of substantial interspecific differences. A full DFA was run 169 using presence/absence data for all pollen taxa, with classification power being 170 ascertained using a jack-knife cross-validation procedure. The model was calculated 171 repeatedly, each repetition involving the omission of a different individual case that is 172 classified by the model and compared to the known outcome; this means that power was 173 tested using a different data point to those that generated the model (Shaw 2003) . This 174 procedure was used because the sample size precluded the use of the preferred split-175 sample validation process (McGarigal et al. 2000) . As sample sizes differed between 176 species, classification accuracy was compared with prior probabilities calculated from the 177 data. To determine the pollen genera that were the most important in creating pollen 178 assemblage-level differences, a stepwise DFA was run (criterion to enter α = 0. contained Eucalyptus pollen, whereas other taxa were found in very few samples (e.g. 190 Umbelliferae, n = 3; Picea (spruce) spp., n = 2). 191
Variation in pollen prevalence 193
We conducted separate analyses of the prevalence of the five most prevalent pollen taxa: 194 (Figs 1a-e) . Warbler species was the only 195 statistically significant predictor of the presence of the most prevalent pollen taxon, 196
Eucalyptus, Citrus, Quercus, Prunus and Pinus
Eucalyptus (Fig. 1a: Wald χ 2 = 52.9, df = 3, P < 0.0001), with Chiffchaffs carrying 197 significantly more Eucalyptus than other warblers (z = 4.2, P < 0.0001). Migratory 198 strategy and genus were found to be statistically significant species contrasts: 199 Mediterranean migrants carried more Eucalyptus pollen than sub-Saharan migrants (z = 200 4.1, P < 0.0001), and Phylloscopus more than Sylvia warblers z = 3.4, P < 0.001). The 201 presence of pollen from another commercial tree species, Citrus (Fig. 1b) 
0001). 208
Quercus pollen (Fig. 1c) also varied between warbler species contingent on year 209
(species:year interaction, Wald χ 2 = 15.4, df = 1, P = 0.009). Although species was not 210 retained in the model as a main effect, species contrasts revealed that Chiffchaffs had 211 significantly lower levels of Quercus pollen than other species (z = -2.2, P = 0.028). 212
Contrasts of migratory strategy and genus were not supported (P > 0.05). Prunus pollen 213 (Fig. 1d) varied significantly between warbler species (Wald χ 2 = 20.9, df = 3, P = 214 0.0001), Blackcaps carrying Prunus more frequently than other species combined (z = 215 2.0, P = 0.04). Genus was the most preferred species contrast (z = -3.2, P = 0.016): Sylvia 216 warblers carried more Prunus pollen than Phylloscopus warblers. The overall prevalence 217 of Prunus pollen also varied between and within years (sample date:year interaction; 218
Wald χ 2 = 6.3, df = 2, P = 0.044). Lastly, Pinus pollen (Fig. 1e) showed a complex 219 pattern of variation: Pinus prevalence varied between species and years (Wald χ 2 = 13.6, 220 df = 5, P = 0.019), and tended to be found earlier in samples from Sylvia warblers than 221
Phylloscopus warblers (species:date interaction; Wald χ 2 = 8.65, df = 1, P = 0.034). 222
Discriminant Function Analysis allowed individual cases to be correctly 223 classified to species with 54.1% accuracy using presence/absence of the 19 different 224 pollen taxa found in this study, compared to 37.8% accuracy a priori (i.e. by chance, 225 using prior probabilities based on sample size). This increased to 56.8% when only the 226 presence of Eucalyptus pollen was entered into the model, and to 62.2% when only 227
Eucalyptus and Prunus were entered, reflecting the importance of species in the GLM 228 analysis of these two pollen taxa (Figs 1a & 1d) variance. PC1 and PC2 were most strongly influenced by PC loadings with the five most 249 prevalent pollen taxa (Table 1 ). The first component score (PC1) was significantly 250 correlated with the two most prevalent pollen taxa: the presence of Eucalyptus and the 251 absence of Citrus pollen (Table 1) . Low values indicate the use of Eucalyptus, and high 252 values the use of Citrus. PC2 was significantly correlated with the absence of (i) Quercus 253 (oak spp.), (ii) the presence of Prunus pollen and (iii) the absence of Pinus (pine spp.) 254 pollen, and non-significantly correlated with the absence of three less prevalent pollen 255 taxa ( Table 1 ). The ecological interpretation of PC2's five factor loadings is complex, but 256 a focus on the three highest loadings indicates that PC2 can be thought of as an ordination 257 of the exploitation of forest habitats: low values are associated with use of oak and pine. 258
Pollen assemblage variation (as described by PC1) varied significantly between 259 warbler species (GLM: Wald χ 2 = 88.7, df = 1, P < 0.0001; Fig. 1f ). This pattern varied 260 between years (species:year interaction; Wald χ 2 = 12.0, df = 1, P < 0.0001). Garden 261 Warblers were distinct from other species in PC1 variation (a priori species treatment 262 contrasts: z = -2.4, P = 0.019), having less Eucalyptus and more Citrus than other warbler 263 species. Species treatment contrasts to examine variation by migratory strategy or genus 264
were not found to be statistically significant descriptors of pollen assemblages. PC2 did 265 not vary between warbler species as a simple main effect (GLM: Wald χ 2 = 2.0, df = 1, P 266 = 0.57): variation between species was contingent both on year (species:year interaction; 267 χ 2 = 20.9, df = 1, P = 0.0008) and sample date (species:date interaction; Wald χ 2 = 10.4, 268 df = 1, P = 0.015). The most preferred species contrast was between Chiffchaffs and 269 other species (z = -2.8, P = 0.006); other contrasts between other warbler species, 270 migratory strategy or genus were not supported (P > 0.05). These effects suggest 271 complex variation in the prevalence of pollen taxa contributing to PC2. 272
Birds could not be classified to migratory strategy using Discriminant Function 273
Analysis on the basis of their pollen assemblages at rates much above that expected by 274 chance (full dataset = 74.3% accuracy; a priori chance = 73.0% accuracy). The stepwise 275 analysis entered Eucalyptus and then Quercus, but classification accuracy was still low 276 (78.4%). In all cases, the majority of Mediterranean migrants were classified correctly, 277 but classification accuracy for Sub-Saharan migrants was low. including Citrus, were found in previous studies of pollen in migrant warblers (Ash 1959 , 288 Ash et al. 1961 , Laursen et al. 1997 , Cecere et al. 2010 , Cecere et al. 2011a and are 289 consistent with birds passing through a southern European flora en route to the UK, while 290 others were not reported in previous studies at Portland Bird Observatory (Ash 1959 , Ash 291 et al. 1961 ). We did not detect pollen taxa with sufficiently restricted range distributions 292 to enable the inference of migratory routes. As in a previous study (Cecere et al. 2011a) , 293 short and long distance migrants varied in the pollen they carried: we found that 294
Mediterranean migrants carried more Eucalyptus and less Citrus pollen than sub-Saharan 295 migrants. 296
It is notable that pollen from Eucalyptus, a tree genus native to Australia, was 297 especially prevalent in this study, present in 70 (61.9%) of 113 birds sampled. Eucalyptus 298 species (the current study was not able to differentiate to species level) are now 299 commonly cultivated in Africa and Iberia, where they are used for low-cost furniture and 300 pulpwood (Doughty 2000) . Indeed, the replacement of cork oak Quercus suber forests 301 with commercial Eucalyptus has attracted conservation concerns (Doughty 2000) . 302
However, this study suggests that such non-native forests may be important as a foraging 303 resource for some bird species. Eucalyptus is wind-pollinated, so to understand the 304 significance of Eucalyptus pollen carried by migrant warblers it may be important to 305 distinguish the accumulation of pollen dispersed over long distances, up to 1600m from 306 an individual tree (Barbour et al. 2005) , from that accumulated directly by foraging on Components Analysis), it is unsurprising that, overall, species should be an effective 325 predictor in the univariate analyses of the five most common pollen taxa. In the PCA, the 326 first component score (PC1) was significantly correlated with the two most prevalent 327 pollen taxa: the presence of Eucalyptus and the absence of Citrus pollen (Table 1) 
